We perform the perturbation analysis of the 5D black holes in the type IIB superstring theory compactified on T 5 . Analysis around the black holes reveals a complicated mixing between the fixed scalars and other fields (metric and three U(1) Maxwell fields). Considering s-wave (l = 0), only two fixed scalars are propagating in the 5D black hole background. We calculate the s-wave absorption cross-section for scattering of fixed scalars off the 5D black hole. Propagation of all higher modes (l = 0) is forbidden within our simplified scheme.
I. INTRODUCTION
string action.
Holzhey and Wilczek have studied thoroughly the perturbations of the 4D dilaton black hole with one U(1) charge [7] . They started with fourteen equations. However there exist only five (two metric, one U(1) Maxwell, and two scalars) physical degrees of freedom. The equations governing the perturbation of metric, U(1) Maxwell, and dilaton fields can be reduced to five wave equations corresponding to five independent modes. Actually these modes consist of various linear combinations of original functions parametrizing the perturbations and thus their direct physical meaning is not transparent. It is almost impossible to decouple the dilaton from other fields. Further the corresponding potentials are too unwieldy to allow a useful description in closed form and analytical analysis. Fortunately they found that the combined modes show the same qualitative behavior as the minimally coupled scalar. Since the field equation for a free scalar is remarkably simple, many authors consider it as a spectator rather than real physical field in studying the black holes.
In this paper, we shall perform a complete analysis of the perturbation for the 5D black holes with three U(1) charges. This has basically the same structure as in the 4D black hole with two U(1) charges [8] . This model provides us a prototype for obtaining the swave(l = 0) absorption cross-section of the fixed scalar [9] . We consider all perturbing equations around the 5D black holes to find the consistent solution. Note here that our scheme(expecially (25)-(30)) will not be suitable for studying the higher angular momentum modes (l = 0) of fixed scalars [11] . In order to study l = 0 cases, we need the general perturbations as in [7, 10] .
The organization of our paper is as follows. In Sec. II, we briefly review the 5D black holes. We set up the perturbations for all fields around the 5D black hole solutions in Sec.
III. The s-wave propagations and s-wave absorption cross-sections for fixed scalars are studied thoroughly in Sec. IV. Finally, we discuss our results in Sec. V.
II. 5D BLACK HOLES
Here we consider a class of 5D black holes representing the bound state of n 1 (= V Q 1 g
) RR strings and n 5 (=
) RR 5-branes compactified on a T 5 (5-torus). This black hole can also be obtained as a solution to the effective action of type IIB superstring compactified on
. The action for 5D black hole with three unequal charges is [4, 5] S = 1 2κ
where
µν is the Kaluza-Klein(KK) field strength along the string direction(S 1 ), F µν is the electric components of the RR two-form and H µν is the dual to the magnetic components of the RR two-form. Here we omit the dilaton φ, which is just a minimally decoupled scalar.
On the other hand, the scalars ν and λ interact with the gauge fields and are examples of fixed scalars. ν is related to the scale of the internal torus, while λ is related to the scale of KK circle. κ This can be determined as
, and g(=10D string coupling constant). We follow the MTW conventions [12] .
The equations of motions for action (1) is given by
In addition, we have the remaining Maxwell equations as three Bianchi identities [10, 13] 
The static charged black hole solution to the above equations is given by the background metric
and
Here four harmonic functions are given by
with r
and Q K (KK charge) are related to the characteristic radii r 1 , r 5 , r K and the radius of horizon(non-extremality parameter) r 0 as
The background metric (9) is just the 5D Schwarzschild one with time and space components rescaled by different powers of f . The event horizon (outer horizon) is clearly at r = r 0 . When all three charges are nonzero, the surface r = 0 becomes a smooth inner horizon (Cauchy horizon). When at least one of the charges is zero, the surface r = 0 becomes singular. The extremal limit corresponds to the limit of r 0 → 0 with the boost parameters σ i → ±∞ keeping the associated charges in (13) fixed. In this case one has [cosh 2σ
In the extremal limit, one has
Also we are interested in the limit of r 0 , r K ≪ r 1 , r 5 , which is called the dilute gas region.
This corresponds to the near extremal black hole and its thermodynamic quantities are given
The above energy and entropy are those of a gas of massless 1D particles. In this case the effective temperatures of the left and right moving string modes are given by
Thus only the momentum-antimomentum excitations on the string are excited, while the excitations of strings-antistrings and 5-branes-anti 5-branes are suppressed. The Hawking temperature corresponds to their harmonic average
These are important to compare the semiclassical results with D-brane calculations.
III. PERTURBATION ANALYSIS
Here for simplicity we start with seven among sixteen ( 9 from three vectors(3 × 3), 2 from two scalars and 5 from one graviton) physical fields around the black hole background as [14]
Considering the gauge transformation (h µν → h
we can make h µν into the diagonal form and further set the angular part of h µν to be zero. Then the metric perturbation is given by two small fields h 1 (t, r, χ, θ, φ) and h 2 (t, r, χ, θ, φ) as in [5] ,
One has to linearize (2)- (7) in order to obtain the equations governing the perturbations as 
+4νF 2 (− 4 3 δλ + 4δν)
(K)2 δλ
−4νH
Solving (35), (36) and (37), one can express three U(1) fields (F (K) , F and H) in terms of δλ, δν, h 1 , h 2 as
This means that on-shell, F (K) , F and H are no longer the independent modes. Also from (32) ten off-diagonal elements of Einstein equation are given by (t, r) :
(t, χ) :
(t, θ) :
(t, φ) :
(r, χ) :
(r, θ) :
(r, φ) :
(χ, θ) :
(χ, φ) :
(θ, φ) :
where the prime( ′ ) means the differentiation with respect to r. And five diagonal elements of (32) take the form (t, t) :
(r, r) :
(χ, χ) :
The dilaton equations (33) and (34) lead to
respectively.
IV. S-WAVE PROPAGATIONS

From three Bianchi identities (8) one has
This implies that either Inserting (61) and (62) into (58) and (59), we obtain the following equations:
where f νν (r), f νλ (r), f λλ (r), f λν (r) are functions of only r given by 
f λλ (r) = − 8 r 2 [3r 4 + 2r 2 (r 
Note that for r 1 = r 5 ≡ R(Q 1 = Q 5 ) equations for the fixed scalars (65) and (66) reduce to
In this case, one has no mixing between graviton and fixed scalar(δν). But the mixing between graviton and δλ are still present and thus we obtain the decoupled equation (72) by using (61) and (62). For the 5D Reissner-Nordström balck hole(
reduces to (71). Two fixed scalars(δν, δλ) decouple completely from other fields (metric and U(1) fields). We would like to know the decoupled fixed scalar equations for the general (r 1 = r 5 = r K ) black hole.
In general, we can modify (65) and (66) with 3f νλ (r) = f λν (r) and δλ ≡ δλ/ √ 3 as
The fixed scalar equations (73) and (74) can be decoupled by a rotation of the fields as
where the rotation angle (α) satisfies the relation
From (77) 
The equations forφ ± have the same form as the equation for the fixed scalar ν in (71), which was first solved in [4] . As usual we cannot find an analytic solution to (81) and thus we patch together a solution between the near region (region I, r ≪ r 1 , r 5 ), the intermediate region (region II, r 0 ≪ r ≪ ω −1 ) and the far region (region III, r ≫ r 1 , r 5 ). Because of r 0 ≪ r 1 , r 5 ≪ ω −1 , the region II overlaps each of other two. In the dilute gas regime (r 0 , r K ≪ r 1 , r 5 ), we write down the dominant terms and the approximate solution in the three regions as
II.
where C ± , D ± , α ± , β ± are constants. The full solution in the region I is obtained in terms of hypergeometric functions [4] , and we present only the limiting form for r ≫ r 0 . The quantity E is obtained essentially by the requirement that the solutions are purely ingoing at the horizon as
where the constants a and b are related to the effective left and right moving temperatures
The quantity G is similarly fixed, but its value is not important to us. Matching between the three regions, one finds the relations
Here we calculate the absorption cross-sections by the ratio of fluxes method [2] . The absorption probability for each scalar is given by the ratio of the incoming fluxes at the horizon(r = r 0 ) and at infinity(r = ∞). The flux per unit solid angle for a scalar field f is given by
The absorption probability for the fixed scalar φ ± is given by
and the absorption cross-section for φ ± is then given by 
which agrees with the results of [5] .
V. DISCUSSIONS
It is interesting to consider a black hole which is very close to extremality with T L ≫ T R .
In this limit(r 0 → 0, σ K = finite) the emission is still thermal with a physical Hawking temperature T H = 2T R and σ is not included in the dilute gas regime. Furthermore, the analysis for the extremal limit (r 0 → 0, σ i → ∞ with r i fixed) differs from the present work. With this choice of parameters, we move away from the dilute gas regime and a straightforward D-brane analysis of emission rates is not possible. However, the calculation of minimally coupled scalars has been done for near extremal 5D Reissner-Nordström balck holes [15] .
In conclusion, we carried out a complete perturbation analysis of the 5D black holes in the type IIB superstring theory compactified on T 5 . It is shown that there exists a complicated mixing between the fixed scalars and other fields (metric and three U(1) maxwell fields).
Considering all equations with the Bianchi identities in (60), our ansatz (25)- (30) 
